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COMPUTED TOMOGRAPHIC IMAGING HAS BECOME THE REFERENCE STANDARD FOR AORTIC ANNULUS
SIZING IN PATIENTS evaluated for transcatheter aortic valve replacement. However, many of these patients
have underlying renal dysfunction that precludes safe use of radiographic contrast. In such patients,FIGURE 1 Steps in Post-Processing, Analysis, and Measurement of Noncontrast Cardiac Magnetic Resonance Multiplanar
Reformats (Part 1)
Imaging data was post-processed, analyzed, and measured with TeraRecon Aquarius iNtuition version 4.4.11 (Foster City, California).
(A) The center of the crosshairs (imaging planes) is approximately centered on the annulus. (B) A sharp ﬁlter and an optimal window
setting are selected to render an optimal grayscale to differentiate the aortic valve hinge-points and annulus ring from the neighboring
tissues. (C) A handle of the coronal plane crosshairs (red circles) is then rotated to roughly align with the annulus. This will simultaneously
change the axial panel into an oblique axial panel and the sagittal panel into an oblique sagittal panel. (D) A handle of the oblique sagittal
plane crosshairs (red circles) is then rotated to approximately align with the annulus. This will simultaneously change the coronal panel into an
oblique coronal panel and align the annulus better in the oblique axial panel. AVA ¼ aortic valve annulus.
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376free-breathing noncontrast, navigator-gated 3-dimensional magnetic resonance imaging whole-heart acqui-
sition (nc-cMRI) data can be effectively used for 3-dimensional aortic annulus sizing. nc-cMRI is performed
with a 1.5-T whole body magnetic resonance imaging scanner (Philips Achieva, Philips Healthcare, Andover,
Massachusetts) using a 16-channel phased array heart synergy coil (shortest repetition time, shortest echo
time, ﬂip angle 90). Reconstruction is on a 512  512 matrix resulting in a ﬁnal voxel resolution of 0.59  0.59 
0.75 mm3. In this prospective observational study with 35 consecutive eligible patients with severe aortic
stenosis (Table 1), no signiﬁcant propensity-adjusted differences in perimeter, area, and average, maximum,
and minimum diameters were found between nc-cMRI and cardiac computed tomography angiography dia-
stolic measurements. With the exception of the minimum annulus diameter being signiﬁcantly smaller with
nc-cMRI (difference ¼ 0.4139, 95% conﬁdence interval [CI]: 0.0721 to 0.7556, p ¼ 0.02), similar results were
observed when nc-cMRI was compared to cardiac computed tomography angiography end-systolic measure-
ments. Figures 1 to 5 document the step-by-step process of image analysis and measurement.
For patients in whom contrast administration is not advisable, nc-cMRI provides an accurate alternative to
cardiac computed tomography angiography for annular sizing. The annulus perimeter and the average
diameter vary less than the annulus area during cardiac cycle in patients with severe aortic stenosis, and are
better suited to size the annulus before transcatheter aortic valve replacement.FIGURE 2 Steps in Post-Processing, Analysis, and Measurement of Noncontrast Cardiac Magnetic Resonance Multiplanar
Reformats (Part 2)
(A) Using the zoom tool, suitable magniﬁcation of the annulus in the oblique axial panel is achieved and centered. (B) In the oblique axial panel,
the noncoronary sinus hinge-point (NCS) is identiﬁed by its proximity to the interatrial septum. The right coronary sinus hinge-point (RCS) and
the left coronary sinus hinge-point (LCS) are then easily identiﬁed. (C) In the oblique axial panel, the multiplanar reformat slices are then
scrolled through to ﬁrst identify the lowermost portion of the NCS (red arrow). The center of the crosshairs is then moved over to the NCS. (D)
Using a handle (red circle), the crosshairs with its center ﬁxed at the NCS is then rotated in the oblique axial panel so that one of the planes cuts
through the RCS in the oblique coronal panel. Abbreviation as in Figure 1.
TABLE 1 Study Cohort Characteristics, Procedures, and Outcomes
Age, yrs* 82.03  7.36 AVL calciﬁcation severity, %§
BMI, kg/m2† 25.91  5.57 Mild 5.71
Female, % 40.00 Moderate 42.81
Hypertension, % 85.71 Severe 51.43
Diabetes mellitus, % 28.57 Heart valve procedures, %
Hyperlipidemia, % 80.00 Heart valve procedure 80.00
Atrial ﬁbrillation, % 31.43 TAVR 57.14
COPD, % 40.00 SAVR 17.14
Previous CKD, % 8.57 BAV 5.72
CHF, % 45.71 TAVR outcomes, %
Angina, % 28.57 Annulus ruptures 0.0
CAD, % 28.57 Paravalvular leak 28.57
Previous stroke, % 17.14 Trace 14.30
Previous revascularization, % 54.29 Mild 10.70
Previous valve surgery, %‡ 5.71 Moderate-severe 3.57
Values are mean  SD or mean. *Minimum¼ 67.00, maximum ¼ 95.00. †Minimum¼ 18.30, maximum ¼ 43.30. ‡A prior surgical repair other than the aortic valve. §Mild refers
to small isolated zones, moderate refers to several larger discrete zones, and severe refers to severe calciﬁcation of all leaﬂets.
AVL¼ aortic valve leaﬂet; BAV¼ percutaneous balloon aortic valvuloplasty; BMI¼ bodymass index; CAD¼ history of coronary artery disease; CHF¼ history of congestive heart
failure; CKD¼ chronic kidney disease; COPD¼ chronic obstructive pulmonary disease; SAVR¼ surgical aortic valve replacement; TAVR¼ transcatheter aortic valve replacement.
FIGURE 3 Steps in Post-Processing, Analysis, and Measurement of Noncontrast Cardiac Magnetic Resonance Multiplanar
Reformats (Part 3)
(A) In the oblique coronal panel where the NCS RCS are brought into view, a crosshair handle (red circle) is then adjusted to bring the RCS into the
same plane as the NCS in the oblique axial panel. (B) A crosshair handle (red circle) in the remaining oblique sagittal panel is adjusted to bring the
LCS (red arrows) into the same plane as the NCS and RCS in the oblique axial panel. (C) Using some ﬁne scrolling of the MPR slices in the oblique
axial panel, the optimal MPR slice (red box) to measure the annulus is selected. (D) The chosen multiplanar reformat (MPR) slice is then post-
processed using optimal magniﬁcation, smooth ﬁlter, and suitable window level and width. The smoothing ﬁlter and optimal windowing help to
reduce any crookedness of annulus measurements by helping trace the border in a uniform smooth “less-jagged” fashion. This provides a better
imagequality suitable for adequate annulus border delineation fromsurrounding tissues andprovides accurate annulusmeasurements particularly
with perimeter by minimizing any potential overestimation of the perimeter. Abbreviations as in Figure 2.
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 8 , N O . 3 , 2 0 1 5 Gopal et al.
M A R C H 2 0 1 5 : 3 7 5 – 8 Noncontrast 3D Cardiac MRI Versus CT
377
FIGURE 4 Geometric Principles of Circularity in
Aortic Annulus Sizing
(A) A perfect circle will have a circularity of 1, and a
noncircular structure will have a circularity of <1. Circu-
larity is calculated dividing the measured area by the
projected area (calculated from the perimeter). (B) The
annulus is noncircular and has circularity of 0.93. In this
instance, the measured annulus area is 534.0 mm2 and the
projected area of the measured perimeter is 576.6 mm2
(and thus a circularity close to 0.9). Here the measured
area is underestimating the annulus size. (C) The annulus is
near-circular and has circularity of 0.97. In this instance,
the measured annulus area is 480.0 mm2 and the projected
area of the measured perimeter is 493.1 mm2 (and thus a
circularity close to 1). Here either measured perimeter or
the measured area would size accurately.
FIGURE 5 Aortic Annulus Sizing Formula With Sizing Modiﬁers
in Selecting the Size and Type of Transcatheter Heart Valve
(A) The formula we have developed and use to drive transcatheter
heart valve (THV) selection and oversizing in our practice. Perimeter-
projectedarea-oversizing (2perimeter-basedoversizing¼projected
area based oversizing) with a target projected area oversizing of 10% to
15% has worked well, minimizing or avoiding signiﬁcant paravalvular
leaks with no ruptures in our practice. More importantly, the perimeter
could be derived of any phase of the cardiac cyclewithout the need to be
conﬁned to an end-systolic cardiac phase. (B) The annulus sizing mod-
iﬁers. In the presence of chronic steroid therapy, prior chest radiation
therapy and/or signiﬁcant calciﬁcation that extends from the annulus
through the left ventricular outﬂow tract, we would either consider a
perimeter-based oversizing of <5% (to maintain projected area
oversizing <10%) with a balloon-expandable THV or consider a self-
expanding THV if anatomically suitable to avoid potential ruptures.
LM ¼ Left main artery; LVOT ¼ left ventricular outﬂow tract;
STJ ¼ sinotubular junction; RCA ¼ right coronary artery;
THV ¼ Transcatheter Heart Valve.
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